Purposes Calcaneal fractures are known to influence patients' quality of life negatively. The type of calcaneal fracture might have a relation with the patient outcome. To inform patients in an early stage on how their calcaneal fracture may affect their lives, knowledge of the fracture characteristics is necessary. This study evaluates the association of type of calcaneal fracture, measurement of conventional radiograph angles, and the Sanders classification with patient-reported outcomes. Material and methods This is a retrospective study based on a prospective trauma database including all patients aged 16 years or older with a calcaneal fracture admitted in one of the participating trauma level I or II hospitals. Patients, trauma, and fracture characteristics were collected. The conventional radiographs were evaluated in which type of fracture, and Böhler's, Gissane's, and calcaneal compression angles were determined. Also, the CT images were classified according to Sanders. In addition, displaced intra-articular calcaneal fractures were separately analyzed. A questionnaire was sent to the included patients that consisted of the EQ-6D, patient-specific characteristics, satisfaction with foot appearance and wearable shoe range, complications, and capability to work. Results A total of 396 patients with 442 calcaneal fractures were eligible for follow-up. Two hundred fifteen patients with 246 calcaneal fractures participated. Patients with a calcaneal fracture into the talar surface reported a worse quality of life (p = 0.010), were less satisfied with their feet (p < 0.001), and had more complications (p = 0.001-0.006); extra-articular fractures had significantly opposite result. A negative Böhler's or calcaneal compression angle was related with unfavourable outcomes. Sanders classification was not related with any patient-reported outcome. Conclusion Our study implies that patients with an intra-articular calcaneal fracture into the talar surface have a lower healthrelated quality of life, will be less satisfied with the outcome of their feet, and have more complications compared to patients with other type of calcaneal fractures. Furthermore, the Sanders classification was not associated with the patient-reported outcomes.
Introduction
Calcaneal fractures occur with a reported incidence that varies from 11.5 to 13.7 per 100,000 persons per year [1] [2] [3] . These fractures are known, among orthopaedic healthcare providers, to influence gait and functional outcome negatively [4, 5] ; moreover, these patients experience a lower quality of life than the general population [6] [7] [8] .
To inform patients in an early stage (e.g., in the emergency department [ED]) on how their fracture could influence their lives and to customize the management of a patient, radiographic images may be evaluated. In order to evaluate patients' experiences with their outcome after a calcaneal fracture, patient-reported outcomes should be utilized [9] . Several studies have reported patient-reported outcomes [4, 7, 8] ; however, most studies were performed in trauma level I patients. As a result, there is insufficient information in the current literature that includes trauma level II patients. Trauma level II centres have a different trauma population in comparison to trauma level I centres [10] .
Moreover, the literature reports contrasting results on the predictive value of the measured angles in the conventional radiographs (e.g., Böhler's angle). On one hand, they are associated with functional outcome [11, 12] ; on the other hand, they correlate poorly with the final outcome [13] .
A prior study showed that CT image classification systems for calcaneal fractures have a predictive value on diseasespecific questionnaire outcomes [14] . An additional CT scan is performed when a patient is suspected for an intra-articular fracture or when better imaging is required to determine the treatment of the fracture. To classify these CT images, several classification systems have been developed. However, many of these classification systems are difficult to use because they classify calcaneal fractures in many groups [14] .
The purpose of our study is to evaluate the association of type of calcaneal fracture, measurement of conventional radiograph angles (Böhler's, Gissane's, and calcaneal compression angles), and the Sanders classification with patientreported outcomes (i.e., health-related quality of life, calcaneal-related complications, patients' satisfaction, and capability to work).
Material and methods

Hospital setting
Four trauma centres participated in this study; one level I trauma centre (University Medical Center Utrecht) and three level II trauma centres (Meander Medical Center, Diakonessen Hospital, and St. Antonius Hospital). All four centres belong to the central trauma region in the Netherlands.
Study design
This is a retrospective study based on a prospective trauma database and a prospective patient-reported outcome evaluation that has been performed according to the criteria for evaluating health-related quality of life studies [15] , and under the approval of the medical ethics committee of the University Medical Center Utrecht in the Netherlands.
Study population
We have included all patients aged 16 years and older at time of trauma and diagnosed with a calcaneal fracture. Two datasets were combined. In dataset #1, the patients were selected from three different databases covering the years 2010 through 2012: the hospital databases, the regional trauma registry, and the Dutch National Medical Registration (DNMR) (www.dutchhospitaldata.nl). In these prospective databases, the calcaneal injuries were identified based on the descriptive diagnosis or International Classification of Diseases (ICD) [16] . We further added a dataset (dataset #2) that contained patients from the DNMR of the trauma level I centre from 2000 through 2010; in this particular dataset, the patients diagnosed with a calcaneal fracture in another hospital were also included. Patients were registered more than once for the same injury event and were only included once.
Data collection
All data were extracted from the trauma registry and patients' medical record. We collected all patient demographic data such as gender, age, and comorbidities categorized according to the ASA physical status classification [17] , psychiatric history, trauma mechanism, circumstances of trauma, Injury Severity Score (ISS) [18, 19] , concomitant injuries, and the primary treatment of fracture.
Radiographic characteristics
All radiographic images were revised (performed by GA). The CT images and conventional radiographic images were used to determine the type of calcaneal fracture and whether there was a fracture into the anterior surface.
The CT images were classified with the Sanders classification [20] . The Sanders classification is used to categorize intra-articular fractures that involve the posterior facet of the calcaneus. The calcaneus can be divided into three parts by two fracture lines A and B. A third fracture, line C, separates the posterior facet of the calcaneus from the sustentacular fragment; consequently, there are potential four main articular fragments. Based upon these fracture lines, the Sanders classification is divided into four types (see Fig. 1 ): type I is a non-displaced fracture that is defined as less than 2 mm displacement, regardless of the number of fracture lines, type II, III, and IV are more than 2 mm displaced fractures, and have respectively one, two, or three and more fracture lines (See Fig. 2 for images of the four different types of calcaneal fractures that were classified according to Sanders). In general, it is assumed that the outcomes of the fractures are progressively worse with increasing type of Sanders classification [14] .
In the conventional lateral radiographs, three angles were measured. Böhler's angle (Fig. 3a) , also known as the tuberjoint angle, is the angle formed by two intersecting lines: a line between the highest point of the posterior facet to the highest point of the anterior surface, and a line connecting the highest point of the posterior tuberosity of the calcaneus and the posterior facet. Böhler's angle normal values in the uninjured population have been reported as a mean angle of 36°(standard deviation 4°, range 25 to 49°, and the normal range that incorporates 95% of the subjects is 28 to 45°) [21] . In line with the study of Loucks et al. (1999) , the measurements were divided in four predefined groups [11] .
Gissane's crucial angle (Fig. 3b) is formed by the line from the calcaneal sulcus to the tip of the anterior surface of the (30 vs. 42°) calcaneus, and the posterior facet. This angle was divided in three predefined groups based upon the normal values for Gissane's angle (mean 123 to 127°, with a standard deviation 6 to 8°, and a range from 108 to 138°) [22, 23] .
The calcaneal compression angle (Fig. 3c) is created from two intersecting lines: a line between the highest point of the posterior facet and the anterior surface, and a line in the plane of the inferior surface of the calcaneus. The normal values for calcaneal compression angles (mean is 31°, with a standard deviation of 4°, and a range from 24 to 44°) were used to divide the measurements in three predefined groups [23] .
Outcomes
Health-related quality of life is our primary outcome. Currently, there is no specific validated patient-reported outcome measurement available for foot and ankle injuries. One of the most used instruments in trauma care is the EQ-5D. The EQ-5D is a standardized generic measure of health-related quality of life whose validity, reliability, and responsiveness have been tested in studies for other extremity morbidities [24] [25] [26] [27] [28] [29] [30] . We have used the EQ-6D that is an extended version of the EQ-5D questionnaire and has an additional question addressing the cognitive function [29, 30] .
The EQ-6D consists of six dimensions: Bmobility^, Bselfcare^, Busual activities^, Bpain / discomfort^, Bdepression / anxiety^, and Bcognition^. These dimensions have three levels of response: no problems, moderate problems, and severe problems. The EQ-5D index score can be calculated based upon the levels of response of the dimensions [31] . With the exception of the dimension cognition, because there is no validated tariff for the EQ-6D [31] .
In general, health-related quality of life is influenced by various patient-specific characteristics, such as current comorbidities and socio-economic status [32] [33] [34] . Therefore, we have added questions on these aspects. Socio-economic status was determined by the highest level of education a patient has received.
Furthermore, patients were asked how satisfied they were with the appearance of the affected foot and range of shoes they could currently wear. The study of Dawson et al. (2012) showed that these factors are important for a patients' satisfaction after foot and ankle surgery [35] .
In addition, the patients were asked for their capability to work. Moreover, a question on whether they have experienced a complication was included. Based on their answer and on the medical records, we have determined whether it was a calcaneal-related complication. The calcaneal-related complications were divided into two groups: the early calcaneal-related complications that occurred within six weeks after trauma (i.e., wound infection, malalignment, or compartment syndrome) and late calcaneal-related complications that occurred six weeks after their trauma (i.e., wound infection, impingement of peroneal tendons, claw or hammer toes, or malunion).
Follow-up
The EQ-6D questionnaire with the additional questions was sent to all eligible patients, along with an informed consent form. We have contacted the general practitioner on the whereabouts of patients that did not respond on our request to fill out the questionnaire; four weeks after the initial sentout of the questionnaire, a reminder was sent to all non-responders. The patients in dataset #2 were also contacted by phone after another four weeks to collect missing data from participating patients and to ask non-responders one more time to participate in the study (performed by GA).
Statistical analysis
A descriptive analysis was performed to compare patient, trauma, and fracture characteristics. We have analyzed the total included population; in addition, a subanalysis was performed of the patients with a displaced intraarticular calcaneal fracture (DIACF) determined by CT imaging (Sanders II to IV) because it might be helpful to stratify this subgroup in order to inform patients more accurately.
Multiple patients had bilateral fractures; these patients were categorized into the group with the worst type of fracture. An open fracture was considered worse than a closed fracture. The highest Sanders type in intra-articular fractures was considered worse than other types of fractures, when Sanders classification was not applicable or there was no intraarticular fracture into the posterior facet than anterior surface involvement was considered worse than extra-articular. In the case of bilateral calcaneal fractures with the same Sanders type, the patient was categorized in the group with the lowest Böhler's angle.
To compare categorical variables, the chi-square test was used, and in the case of continuous variables, the Student's T or Mann-Whitney U tests were used. Furthermore, a linear regression analysis was performed to examine the relationship between the conventional radiograph angles and the EQ-5D index score.
The Dutch tariff for the calculation of the EQ-5D index score was used because there is no international validated tariff for the EQ-6D [31] . A difference of ≥ 0.032 points between two EQ-5D index scores is a clinically relevant difference [31] .
A p value < 0.05 was considered statistically significant and all data were analyzed with SPSS version 20.0 (IBM Corp., Armonk, NY), for Windows.
Results
Study population
A total of 446 patients who sustained a calcaneal fracture were identified in the databases. As demonstrated in Fig. 4 , a total of 215 patients with 246 calcaneal fractures participated in this study. Before we have sent the questionnaire for a second time to the non-responders, the general practitioner was contacted for the whereabouts of the patients. The baseline patients, trauma, and fracture characteristics are outlined in Table 1 . The mean age of the participants at time of trauma was 45 years and 64% was male. Approximately 50% had an isolated calcaneal fracture. The most common cause of the injury was fall from height from 1.5 m or higher, followed by a simple fall from less than 1.5 m. The majority (65%) of the fractures were into the talar surface of the calcaneus. On CT image, 65% of the fractures were a Sanders type II or III fracture. The primary treatment was non-operative in 119 cases; the other 125 fractures were treated operatively, of which 103 with open reduction and internal fixation, 15 with percutaneous reduction and fixation. One patient had subtalar arthrodesis, and in six patients, the operation technique was not described. In two cases, the treatment was not mentioned.
The follow-up characteristics are outlined in Table 2 . The mean follow-up time of the participants was 62 months. The mean age at follow-up was 50 years. Approximately 40% were ASA II or III and 15% had a psychiatric history. Participating population (n=215) Eligible population (n=396) Fig. 4 Flowchart of enrolled patients 
Association of fracture characteristics and patient-reported outcomes
As demonstrated in Tables 3 and 4 , Figs. 5 and 6, the type of calcaneal fracture is associated with several patient-reported outcomes. Patients with a fracture in the talar surface of the calcaneus reported the worst outcomes; these patients reported significantly more problems with washing or dressing themselves (Bself-care^), walking (Bmobility^), and experienced more pain or discomfort compared to the other fracture types. Consequently, these patients had a significantly lower EQ-5D index score (p = 0.010). Moreover, these patients were less satisfied with the appearance of their affected foot (p = 0.001) and range of wearable shoes (p = 0.042). Also, these patients had more often early and late calcaneal-related complications (respectively, p = 0.001 and p = 0.006). In contrast, patients with an extra-articular fracture reported less often problems in the EQ-6D dimensions (see Fig. 4 ) compared to the other type of calcaneal fractures; as a result, they had a higher EQ-5D index score (p = 0.003). However, these patients reported noticeably more problems per EQ-6D dimension than the Dutch reference population. The patients who had a fracture line in the anterior surface had a lower EQ-5D index score (p = 0.046). This patient group further had more complications and was less satisfied with the appearance of their foot and wearable range of shoes.
Association of radiographic characteristics and patient-reported outcome
Böhler's angle before treatment was not associated to the EQ-5D index score (r = 0.098, β = 0.001, t = 1.325, p = 0.187). However, a negative Böhler's angle demonstrated to have worse outcome results, reflected in a lower EQ-5D index score (p = 0.006) and more early calcaneal-related complications (p < 0.001).
Gissane's angle was not related to the EQ-5D index score (r = 0.051, β < 0.001, t = − 0.110, p = 0.913). A Gissane's angle of more than 135°was associated with more early calcaneal-related complications (p = 0.004) and a poor satisfaction with the wearable range of shoes (p = 0.042).
The calcaneal compression angle was poorly correlated to the EQ-5D index score (r = 0.157, β = 0.004, t = 2.149, p = 0.033). Patients who had a negative calcaneal compression angle reported more problems in all six dimensions of the EQ-6D (p = 0.001 to 0.023) that resulted in a substantial lower EQ-5D index score (p = 0.001).
The Sanders classification (type I to IV) was not associated with the EQ-5D index score (p = 0.215), or any of the other measured outcomes (p = 0.109 to 0.556).
Patient-reported outcome in patients with DIACF (Sanders type II to IV)
We performed an additional analysis of patients with a CT confirmed DIACF (Sanders type II to IV). None of the measured angles in the conventional radiographs (Böhler's, Gissane's, or calcaneal compression angle) showed to be associated with the EQ-5D index score (p = 0.227 to 0.790); nor was anterior surface fracture involvement (p = 0.503). Patients with a DIACF and a negative calcaneal compression angles (23) 12 (39) 20 (91) 7 (35) *Number (percent) †Number of outcome with that result (percent with outcome result within category) ǂMedian (interquartile range) §p < 0.05 
Discussion
This study demonstrates that the type of fracture is related with outcomes such as the health-related quality of life, calcanealrelated complications, and satisfaction with the appearance of the foot and the shoes they can wear. Patients with fractures into the talar surface of the calcaneus report substantial unfavourable outcomes in comparison to the other type of fractures. In contrast, patients with extra-articular fractures report significantly better results. Patients with extra-articular fractures are in particular negatively affected in the EQ-6D dimensions Bself-care^, Busual activity^, and Bcognition^. Possibly, a great proportion of patients with an extraarticular fracture are elderly that might have had a negative influence on the EQ-6D outcome; this could not be reduced from our presented data. The study of Hoeymans et al. (2005) on the health-related quality of life in the Dutch population shows that elderly patients report significantly more problems than younger patients in all six dimensions of the EQ-6D [33] . In addition, a negative Böhler's angle, a negative calcaneal compression angle, or a fracture into the anterior surface of the calcaneus is associated with worse patient outcomes. The literature reports contrasting results in the predictive value of the Böhler's angle [11] [12] [13] 36] . The studies from Loucks et al. (1999) and Persson et al. (2015) demonstrated that a negative Böhler's angle in patients with an intra-articular calcaneal fracture is negatively related to health-related quality of life outcome [11, 12] . The results in this study do not support those findings. This could be due to different inclusion criteria, our study includes also patients with an open calcaneal fracture, and due to a different trauma level population, our study also includes patients from level II trauma centers. Including these patients may cause a greater heterogeneity of patients. and intra-observer reliability has been reported limited in several occasions [36] [37] [38] [39] [40] ; therefore, the correct measurement of this angle is questionable. Therefore, we do not advise to use Böhler's angle for estimating the patientreported outcomes. Further investigation by means of a systematic review and meta-analysis may elaborate to which extent the Böhler's angle could be utilized.
In line with several studies on Gissane's angle, this angle does not appear to be related to final outcome [13, 41, 42] . Consequently, we do not recommend the measurement of this angle.
The Sanders classification is one of the most reported systems to classify intra-articular fractures in the posterior facet of the talar surface [13] . The literature showed that the interobserver and intra-observer reliability is poor to mediocre [37] [38] [39] . This study shows that the Sanders classification is not related to any of the patient-reported outcomes which indicate that the Sanders classification cannot be used to make reliable assumptions of the expected outcome.
In comparison with the study of Kinner et al. (2010), we did not demonstrate a significant difference in health-related quality of life in patients who had a DIACF and a fracture in the anterior surface of the calcaneus [43] . Moreover, our complication rate was twice as high. A possible explanation is that Kinner et al. (2010) excluded patients that might influence the results, for example patient, who did not have post-operative CT imaging, patients older than 65 years, or patients with a bilateral fracture [43] .
Alike most retrospective studies, data collection was limited by information that was not or incorrectly recorded. Less than 10% of data was missing in our study. Moreover, not all type of fractures could be classified according to the Sanders classification because CT images were not available for all the included patients. The follow-up duration has a wide range, which could influence the results; the longer the follow-up, the more likely it is that other comorbidities are introduced that might influence the outcome [44] . In addition, loss to followup might bias the results in cohort studies [45] . The patients that participated in our study had significantly less often an extra-articular fracture; however, the baseline characteristics between the eligible and the participating population were more or less the equal. Therefore, though there is a significant loss to follow-up in this study population, the bias is expected to be minimal.
Due to the inclusion of patients admitted in level I and II trauma centers belonging to the same trauma region, these results represent a reliable reflection from the demographics and outcome of patients with a calcaneal fracture in a regionalized trauma population and allow us to generalize the results.
In conclusion, the study results demonstrate that patients with an intra-articular calcaneal fracture into the talar surface have a lower health-related quality of life, will be less satisfied with the outcome of their feet, and have more complications compared to patients with other types of calcaneal fractures. In contrast, extra-articular fractures have significantly favorable results. The Sanders classification was not associated with patient-reported outcomes. Furthermore, we do not recommend the measurement of angles in conventional radiographs to inform patients on the possible outcome of their lives because of the poor relationship with patient-reported outcome results and the limited reliability of accurate measurement of these angles.
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